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Since the climate is an ever-changing variable, each crop season is different from all others. In the West, water is generally regarded as of first importance in determining plant response (Keller, 1971) .
Studies on the relationship of weather to crops have emphasized the importance of precipitation and other climatic factors on production and also demonstrated the adaptability of various species or varieties to specific conditions. Annual herbage production on arid rangelands can vary by several hundred percent, generally as a result of precipitation (Hannay and Lacy, 1931) .
Competition and herbage production studies were established on isolated soil plots where growing season precipitation was increased or decreased and on adjacent unaltered field plots. Selected range species were compared as single species and in mixtures for 3 years. This study was established to determine stand improvement or depletion with age, the production by single species and species mixtures, and to follow the soil moisture depletion within the isolated soil plots. 
Materials and Methods
The study was located about 4 km northeast of Logan, Utah on dry farmland with a rather uniform slope (6.5%). The soil was essentially free of rock to a depth of 1.4 m. (15, 30, 46, 76, 106, and 137 cm) in each soil column were read 9 to 12 times each year to determine the effect of moisture treatments.
Results and Discussion

Effect of Adjusted Precipitation
The mean yields of seven species or species combinations with additional water (1 l/2 natural) and reduced water (2/3 natural) during the growing season are presented in Fig. 3 . Generally those plots receiving two-thirds natural precipitation were drier than those receiving 1 l/2 times natural precipitation. These two levels did not result in any significant differences in yield of individual species or species combinations. We have therefore combined the water levels in all comparisons of species and mixture combinations.
Crop-year precipitation (Oct. to Sept.) for 1970, 1971, and 1972 was 485,673, and 5 15 mm respectively (Table 1) The soil-moisture blocks were read nine times in 1970 between April and September, 10 times in 197 1 between April and October, and 12 times in 1972 between April and October. The soil surface dried rapidly after spring snow melt and after each stormy period. Soil moisture tension at the 15-cm depth was usually between 5 and 10 bars by mid-May providing the precipitation in a single storm did not exceed 10 mm. Soil moisture tension at the 45-cm depth had increased to more than 5 bars by the end of May each year. The soil depths where moisture tension remained below 1 bar up to the first harvest are shown in Table 2 .
Some species combinations differed significantly with respect to depth of soil drying. Crested wheatgrass with alfalfa dried the soil most, followed by crested wheatgrass with Russian wildrye. None of the other combinations differed significantly. Only a few plots had moisture tension greater than 1 bar tit the 137-cm depth (deepest), even by the end of the summer. That soil moisture was not a limiting factor at the 137-cm depth has an important bearing on the interpretation of our data and the behavior of alfalfa and Kochia. Information obtained from this study should apply to range sites where soil moisture is normally recharged to field capacity to a depth of about 1 m (3 feet) by late fall, winter, and early spring precipitation.
Yield in the Columns Compared with Outside
In 1970, the outside yields were greater than those in isolated columns except for plots including alfalfa or Kochia (Table 3 ). The greater yields of these species inside demonstrated that their roots had extended below the plastic barrier and were benefitting from the absence of competition outside. Since moisture tension exceeded 1 bar at the 137-cm depth only on the alfalfa plots and only in 1970 (Table 2) , the above interpretation may be an oversimplification. By 197 1, crested was yielding more on the isolated columns than outside, and by 1972, Russian wildrye was also.
All harvested plots outside the columns were provided with a border extending about 1 m (3 feet) beyo_nd the plot to approximate conditions in a large field planting. Relatively rapid growth of plants in this border from the available moisture in the surrounding bare area resulted in larger, more vigorous plants. These larger border plants continued to grow after plants within the plot had apparently depleted most of the available moisture in the root zone. The border plants apparently adversely affected plant growth, size, and yield within the plots outside the columns.
Components of the Mixtures
Three combinations of crested wheatgrass with (1) Russian wildrye, (2) alfalfa, and (3) Kochia in alternate rows provided an opportunity to assess the contribution of each species to the total plot yield (Table 4 ). All species yielded well during 1970, the first harvest season. All species except alfalfa declined drastically in yield in 197 1. This decline in yield in 'Three-year means followed by the same letter do not differ significantly at the 1% level. 1971 occurred in a high-precipitation year. Yield declined further in 1972, except with Kochia, which increased.
Mean yields by years differed greatly. The decline in yield of crested wheatgrass and Russian wildrye from 1970 to 1971 is a good indication that the severe harvesting procedure was a factor. All species appear to have suffered some damage, although alfalfa was noticeably tolerant to close harvest (5 cm). Kochia was damaged particularly, and after the first year was harvested at 7.5 cm.
Although soil moisture was recharged to near field capacity each spring, mean yield declined each year except for Kochia which made some recovery in 1972 with less severe harvesting. Altering the growing-season precipitation did not significantly affect yield of perennial forage species. Crested wheatgrass showed a rather consistent decline in the three different combinations.
About two-thirds of the yield from the alternate-row plots of the crested wehatgrass and Russian wildrye was crested wheatgrass. After the first year, crested wheatgrass produced only about one-fifth of the crested wheatgrass alfalfa combination, which was significantly higher in yield. About two-thirds of the yield from the alternate-row plots of the crested and Russian wildrye was crested. After the first year, crested produced only about one-fifth of the crestedalfalfa combination, which was significantly higher in yield.
Russian wildrye was clearly less productive than crested wheatgrass. In the first year, plots of crested wheatgrass and Russian wildrye planted in alternate rows exceeded the yield of plots seeded to crested wheatgrass alone. Thereafter, crested wheatgrass alone was more productive than the alternate-row mixture. In plots where crested wheatgrass or Russian wildrye seeds were mixed with cheatgrass seeds, the stand of perennial grass was poorer than where perennial grasses were seeded alone. Yields from perennial grass mixed with cheatgrass were consistently less than those where cheatgrass was not included. By the third growing season, neither of these species had recovered from the competition provided by cheatgrass where the seed mixtures were planted.
Total plot yields from a mixture of crested wheatgrass with alfalfa or Kochia were greater than production from either crested wheatgrass or Russian wildrye planted alone or mixed. The relatively deep rooted alfalfa and Kochia made good and fair regrowth respectively after harvest. The shallower rooted crested wheatgrass and Russian wildrye plants had depleted most of the available soil moisture from the upper 50-cm depth and made little regrowth after first harvest.
